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Abstract 
AZO (Al: 2 wt %) films were deposited at  300 ˚C on fused silica  substrates by the radio-frequency  magnetron 
sputtering method under different sputtering pressures and at various sample positions in order to obtain the 
optimum sputtering condition for low-resistivity AZO films. It was found that the resistivity of AZO films decreased 
with decreasing the sputtering pressure, and it also showed a pronounced position dependence. The poly-Si formed 
by Al-induced crystallization method on the AZO film was found to be almost <100>-oriented, differently from our 
prediction. The performance of the AZO film as an anti-reflection coating on BaSi2 was also evaluated at a 
wavelength of 600 nm.  
© 2009 Published by Elsevier B.V. 
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1. Introduction 
BaSi2 is expected to be a new Si-based thin-film solar cell material because it has a band gap of approximately 
1.3 eV, and is composed of abundant Ba and Si. The optical absorption coefficient reaches approximately 105 cm-1 at 
1.5 eV in spite of its indirect band gap nature, [1] which is about 100 times higher than that of Si. BaSi2 can be 
grown epitaxially on a Si (111) substrate by reactive deposition epitaxy and by molecular beam epitaxy [2-5]. 
However, it is more preferable to use SiO2 substrates in place of Si substrates. For this purpose, the aluminum-
induced crystallization (AIC) method was employed [6]. AIC enables low-temperature crystallization of amorphous 
Si (a-Si) below the eutectic temperature of 577 °C. When the a-Si/Al/substrate structure is annealed, the Si layer 
exchanges for the Al layer, and the Si is crystallized during the annealing. Usually, this kind of layer exchange 
occurs at a lower temperature than a eutectic temperature of Al on Si. A preferential (111) orientation of the Si 
layers was reported [7], and this is favorable for the subsequent growth of BaSi2 layers. Very recently, we have 
reported the photoresponse properties of BaSi2 layers on <111>-oriented Si films deposited on SiO2 using an AIC 
method, and have shown that BaSi2 is an interesting and useful alternative material for solar cell applications [8,9].  
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In this paper, we attempted to form poly-Si layers on AZO (Al-doped Zinc Oxide)/SiO2 substrates by the AIC 
method, where the AZO film is expected to work as an electrode in solar cells. We also evaluated the optical 
properties of AZO as anti-reflection coating for BaSi2.
2. Experimental details 
First, AZO (Al: 2 wt %) films were deposited at  300 ˚C on fused silica (SiO2) substrates by the radio-frequency 
(rf) magnetron sputtering method under different sputtering pressures and at various sample positions in order to 
obtain the optimum sputtering condition for low-resistivity AZO films. The rf power was fixed at 100 W. Both the 
diameters of the target and sample stage were 5 cm. The samples were placed on a 11-cm-diameter Cu plate. The 
distance between the target and the sample was 5.5 cm. The refractive index of AZO was measured on AZO(628 
nm)/SiO2 by using interference properties of light. In addition, the reflectance of the AZO formed on BaSi2(132 
nm)/ Si(111) was measured for evaluating the behaviour as an anti-reflection coating. An undoped BaSi2 layer has 
usually an electron concentration of approximately 1016cm-3 at room temperature.  
The AIC process was performed as follows. 0.1-Pm-thick Al layers were deposited on AZO/SiO2 by rf 
magnetron sputtering. The surface of Al was oxidized by exposing the sample to the air for 48 h before subsequent 
deposition of 0.1-Pm-thick Si by rf sputtering. During sputtering the vacuum level was 1.0 Pa and the rf  power was 
fixed at 100 W. All the samples for the AIC process were prepared at the center of the sample stage. Afterwards, the 
samples were annealed in dry-N2 atmosphere at 500 ˚C for 10 h. During the annealing, a-Si was transformed to the 
crystalline phase by exchange between the Al and a-Si layers. 
Wet chemical etching was performed to etch away the Al layers using diluted HCl and KOH solutions cooled 
down to 0 °C. The crystalline quality of grown layers was characterized by x-ray diffraction (XRD) and electron 
backscatter diffraction (EBSD). 
3. Results and Discussions 
3.1. Electrical and optical properties of AZO films 
In this work, it was found that the lower the sputtering pressure we set, the lower the resistivity of AZO films 
became. However, the Ar plasma disappeared when the pressure was too low. Therefore, we fixed the pressure 
during sputtering at 0.17 Pa. As shown in Fig. 1, the resistivity of AZO films showed significant dependence on the 
distance from the edge of the target. The resistivity attained a minimum value of approximately 10-3:·cm for sample 
placed 1.5 cm from the edge of the target. The difference in resistivity is attributed to the difference in crystalline 
quality of the films. Figure 2 shows typical examples of T-2T XRD patterns for samples sputtered at positions 1.5 
cm outside (sample A) and 1cm inside (sample B) from the edge of the target. The XRD peak intensities in sample 
B are much smaller than those in sample A. The reason for the improvement in crystalline quality in sample A may 
be the reduction of plasma-related damage to the deposited film. 
Fig. 2 T-2T XRD patterns for AZO sputtered at 
 (a) 1.5 cm (sample A) outside from the edge 
and (b) 1.0 cm (sample B) inside the edge. 
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Fig. 1 Dependence of resistivity of AZO on the 
distance from the edge of target.  
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Figure 3(a) shows the transmittance spectrum for AZO (628 nm)/SiO2, prepared at the center of the sample stage. 
From the interference properties, the refractive index of the AZO film was calculated to be 1.91. Using this value, 
we estimated a thickness of AZO necessary for antireflection at a wavelength of around O=600 nm (Central 
wavelength of AM1.5). Figure 3(b) shows the reflectance curves for AZO/BaSi2(132 nm)/Si(111) with different 
AZO thicknesses of O4 (78.5 nm), 3O/4 (236 nm) and 5O/4 (393 nm). As shown in Fig. 3(b), the reflectance was 
decreased down to less than a few % at this wavelength. Therefore, AZO film is promising as the anti-reflection 
coating for BaSi2 solar cells. 
3.2. Crystalline properties of AIC-Si films
After the AIC growth, the layer exchange was visually confirmed. Next, the etching of Al layers was attempted 
with the HCl. However, the Al, Si, and AZO layers were all peeled off. This is attributed to the fact that AZO is very 
weak against acid. After several attempts, we successfully etched away the Al layers keeping the Si layers remained 
using a diluted KOH solution.  
Figure 4 shows differential interference micrographs of the poly-Si films obtained with the AIC growth on (a) 
SiO2 and (b) AZO. It was found that the poly-Si film formed on AZO is denser than that on SiO2. The EBSD images 
of AIC-Si formed on SiO2 and AZO are shown in Figs. 5(a) and 5(b), respectively. The AIC-Si on the AZO film 
was found to be almost <100>-oriented, differently from the AIC-Si on the SiO2 substrate.  For the purpose of 
subsequent growth of BaSi2 overlayers on AIC-Si, Si films of <111>-orientation is more favourable. Therefore, it is 
necessary to adjust the condition for the formation of <111>-oriented Si layers on AZO. As for the AIC process, it 
was reported that crystal orientations of Al and Al-O layers might play an important role in determining the 
orientation of AIC-Si layers [10]. However, we have no definite experimental evidence on this issue at present in 
our experiment.  
Fig. 3 (a) Transmittance spectrum for AZO(628 nm)/SiO2 and (b) reflectance spectra of AZO films on BaSi2(132 nm)/Si(111).
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Fig. 4 Differential interference micrographs of the poly-Si films obtained with the AIC growth on (a) SiO2 and (b)
AZO/SiO2.
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4. Conclusions 
AZO (Al: 2 wt %) films were deposited at  300 ˚C on SiO2 substrates by the rf magnetron sputtering method 
under different sputtering pressures and at various sample positions in order to obtain the optimum sputtering 
condition for low-resistivity AZO films. It was found that the resistivity of c-axis-oriented AZO films reached a 
minimum value of approximately 10-3 :·cm when the sputtering pressure was 0.17 Pa, and the sample was located 
1.5 cm away from the edge of the sputtering targets. However, the poly-Si films formed on the AZO film by the AIC 
method was found to be almost <100>-oriented, differently from our prediction. The anti-reflection was realized for 
a wavelength of approximately 600 nm using the AZO film on BaSi2.
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